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Abstract: Contribution to climate change mitigation is required for all world countries. Post-Soviet
countries’ climate change policy strategies by 2030 (2035) were adopted relatively recently. Thus,
the aim of this study is to analyze the achievements of climate change policy, encompassing carbon
emissions, energy intensity, and renewable energy consumption, in separate Post-Soviet countries
and to reveal the possibilities of reaching their long-term 2030–2035 targets. The results showed huge
differences in carbon emissions, energy intensity, and the share of renewable energy consumption
among Post-Soviet countries. Analyzing the trends of climate change policy implementation in
almost all Post-Soviet countries (except Ukraine and Uzbekistan), carbon pollution increased during
the analyzed period (2002–2014). The highest growth of emissions was observed in Georgia and
Tajikistan. Furthermore, the economic development level was positively and significantly related
to the level of carbon emissions. During the 2002–2014 period, energy intensity decreased in all
Post-Soviet countries, particularly in those where the level was lower. The share of renewable energy
consumption increased the most in countries that are members of the EU (Latvia, Lithuania, and
Estonia) and Moldova, which declared its willingness to join the EU. However, the energy intensity
and the share of renewable energy consumption were insignificantly related to the level of economic
development. Analyzing the possibility of achieving the Post-Soviet countries’ climate change policy
targets, the results showed that only some of them will succeed. Therefore, Post-Soviet countries
should implement more efficient climate change policies and effective tools in order to achieve
their targets.
Keywords: Post-Soviet countries; climate change; Paris Agreement; energy efficiency; renewable
energy; economic development
1. Introduction
Climate change is one of the global challenges that need to be addressed immediately. All world
countries must contribute to climate change mitigation to fulfill the ambitious plan of stopping the
increase of carbon emissions and keeping the global average temperature growth “well below” 2 ◦C [1].
The largest share of countries ratified the Paris Agreement in 2015 to reduce or stop the growth of
carbon emissions by 2030 [2]. All Post-Soviet countries set their climate change mitigation targets in
their Intended Nationally Determined Contributions (INDC) and local energy strategies up to 2030
(2035). However, the possibility of achieving these targets is not well revealed. Researchers mainly
focused on the achievements of the Paris Agreement and the 2030 goals in the European Union (EU)
countries [3] and in China [4–9].
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In this study we investigate the climate change policy implementation in Post-Soviet countries.
In recent years, Brizga et al. [10], Schierhorn et al. [11], Bea et al. [12], and Jorgenson and Schor [13]
analyzed the main determinants of carbon emissions in these countries. Other researchers explored
the adoption of climate change [14,15]. According to Bruno [16], the Post-Soviet space bears great
significance for global climate history, but climate change policy research only recently began to develop
as a field of study in this region. Furthermore, the Post-Soviet region is very big and, considering the
economic development, rather different. The regime system is different as well. Some of the countries
(Lithuania, Latvia, and Estonia), after 15 years of independence, joined the EU. Other countries (Georgia,
Ukraine, and Moldova) declared the willingness to follow the same development path as Western
countries. The rest of the Post-Soviet countries, despite their independence, are still under the influence
of the Russian Federation. Therefore, when analyzing the implementation of climate change policy, it is
illogical to consider countries of the Post-Soviet space as a block, ignoring the persistent diversity of the
legislative basis and economic development among all countries in this region [10]. Consequently, this
study aims to analyze the achievements of climate change policy encompassing the carbon emissions,
energy intensity, and renewable energy consumption of each Post-Soviet country and revealing the
possibility of reaching the long-term 2030–2035 targets set by the countries of the Post-Soviet space in
their energy strategies and climate change policies. To the best of our knowledge, this topic has not yet
been analyzed by previous authors. In this article, we compared the achievements and ambitions to
mitigate climate change in Post-Soviet countries, considering the differences in economic development.
2. Literature Review
2.1. Post-Soviet Countries
Post-Soviet countries are a very specific group. This group was for a long time a single-party
state, composed of 15 national sub-regions, with a centralized government and a common economy
and currency. After the collapse of the Soviet Union, in 1991, Post-Soviet countries chose different
paths. Most of them shifted from a centrally planned structure to a market-based system. A small
part of these countries turned sharply to the West. Therefore, during the recent decade, differences in
terms of social, economic, and environmental aspects were observed [12]. Accordingly, it is reasonable
to assume that there are differences between climate change policy implementation in Post-Soviet
countries. In countries such as Azerbaijan, Kazakhstan, Turkmenistan, and the Russian Federation,
where economies are dominated by the oil industry, the promotion of renewable energy could be
rather difficult. Meanwhile, in the Baltic States, where policymakers make huge efforts to reach
energy independence, the promotion of renewable energy could be one of the main ways to achieve
goal. Furthermore, attention to climate change could shift due to military interventions. Ukraine,
Georgia, and Moldova are countries where the threat of war is evident, and energy independence
might strengthen their political position in the region, reducing their dependence on foreign energy
supplies often used as a political bargaining tool. As a result, by achieving the targets set in their
climate change policy strategies, Post-Soviet countries will not only prevent climate change but also
have the possibility of achieving energy independence by promoting renewable energy and reducing
their fossil fuel consumption [17,18].
2.2. Climate Change Policy and Main Aspects
Climate change policy mainly encompasses three aspects: (a) reduction (or slow growth) of carbon
emissions, (b) energy efficiency growth (energy intensity reduction), and (c) promotion of renewable
energy consumption. Carbon emissions reduction is the main target when seeking climate change
mitigation. Meanwhile, energy efficiency and renewable energy consumption are the main sources of
carbon emission reduction. Considering the search for ways to reduce carbon emissions and the fact
that carbon emissions are directly related to energy consumption, in case of economic growth, energy
efficiency should increase, which can contribute to a decrease in emissions. Many authors revealed
Sustainability 2020, 12, 4558 3 of 24
that the increase in energy efficiency helps reduce carbon emissions [19–28]. This phenomenon was
defined as technological progress [27]. Furthermore, avoiding drastic restrictions on economic growth,
promotion of energy efficiency is the most acceptable [29] and cost-effective way [30] to seek a reduction
of carbon emissions. However, other authors found that energy efficiency did not contribute to carbon
emission reduction [31]. Fernández González et al. [32] stated that an increase in energy efficiency did
not offset the impact of economic growth because, at the same time, energy consumption increased
as well. Therefore, energy consumption reduction is a very important aspect when seeking climate
change mitigation.
Renewable energy consumption is another aspect related to the energy sector, which contributes
to the reduction of carbon emissions. Liobikiene and Butkus [27] defined the impact of renewable
energy consumption on climate mitigation as a substitution effect. Böluk and Mert [33,34], Marrero [35],
Dogan and Seker [36], Liobikiene and Butkus [27,31], Al-Mulali et al. [37], and Baležentis et al. [38]
stated that the growth of the renewable energy field caused significant reductions of carbon emissions.
However, other authors found an insignificant or negative impact of renewable energy consumption
on carbon emissions [39–41]. Moreover, the impacts of separate renewable energy sources are
different [38]. Nevertheless, achieving climate change mitigation is impossible without renewable
energy consumption promotion.
2.3. Forecasts of Climate Change Policy Targets
Because climate change policy strategies by 2030 (or 2035) in almost all Post-Soviet countries were
adopted relatively recently, studies analyzing the possibility of these countries fulfilling their objectives
were not spotted. This leads us to assume that this research is the first to analyze these possibilities.
Most of the scientific research analyzed the forecasts for climate change policy targets encompassed
the Kyoto protocol, Europe 2020, and the Low-Carbon Development Strategy until 2050 [3,42–45].
Considering the Baltic States, which are part of the EU, Streimikiene and Roos [46] showed that
these countries would be able to achieve their climate change and energy targets. Liobikienė and
Butkus [3] also revealed that the targets of Europe 2020 (reduction of carbon emission, primary energy
consumption, and the share of renewable energy) in the Baltic States would be successfully achieved.
Smit et al. [47] showed that Latvia and Lithuania would exceed the targets of primary energy saving in
2020. Giacomarra and Bono [48] found that Lithuania is expected to surpass its targets of renewable
energy consumption.
Considering other Post-Soviet countries, Wu et al. [49] found, by forecasting carbon emissions in
the Russian Federation, that the growth rate of emissions was the lowest. Samoilov and Nakhutin
performed a medium-term forecast of carbon emissions in Russia [50]. Pao et al. [51] predicted
Russia’s renewable, nuclear, and total energy consumption. Kerimray et al. [52] forecasted the carbon
emissions in Kazakhstan, and the results showed that if the transition to a market-based economy was
completed by 2020, a reduction of carbon emissions by 2030 would occur. Xiong et al. [53] forecasted the
targets of energy consumption and found out that Kazakhstan’s target could not be achieved by 2020.
Karatayev and Clarke [54] analyzed the future potential of renewable energy, while Karatayev et al. [55]
analyzed green energy in Kazakhstan. Hasanov et al. [56] forecasted electricity demand in Azerbaijan.
Gomez et al. [57] analyzed future energy and Saidmamatov et al. [58] the potential of renewable energy
in Uzbekistan. A number of studies, such as Dyachuk [59], Kurbatova and Khlyap [60], Rogelj et al. [61],
and Höhne et al. [62], investigated the ability of Ukraine to fulfill its carbon emission obligations.
Yung et al. (2019) [63] analyzed the energy consumption aims, and Chepeliev et al. [64] accessed the
energy consumption from renewable energy obligations. Chernyak et al. [65] and Diachuk et al. [66]
explored energy consumption possibilities for achieving the aims of The Energy Strategy until 2035,
using the different forecasting methods. As will be seen below, our study enriches the research in this
field in that have analyzed how separate Post-Soviet countries would achieve their carbon emission,
energy intensity (energy consumption), and renewable energy consumption targets, referred to their
different past experiences.
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3. Methods and Data
In this study, we analyzed the climate change policy targets in all Post-Soviet countries: Armenia
(ARM), Azerbaijan (AZE), Belarus (BLR), Estonia (EST), Georgia (GEO), Kazakhstan (KAZ), Kyrgyz
Republic (KGZ), Lithuania (LTU), Latvia (LVA), Moldova (MDA), Russian Federation (RUS), Tajikistan
(TJK), Turkmenistan (TKM), Ukraine (UKR), and Uzbekistan (UZB). We explored three aspects:
tendencies of carbon emission (CO2 emissions (metric tons per capita)), energy intensity (energy
consumption) (kg of oil equivalent per $1000 GDP (constant 2011 PPP), million tons of oil equivalent
(for countries which are members of the EU)), and the share of renewable energy (% of total final energy
consumption) in the period of 2002–2014. The data were obtained from the World Bank database [67]
and Eurostat [68].
In order to reveal the carbon pollution problems in Post-Soviet countries, we conducted regression
analyses predicting energy consumption and greenhouse gas emissions for all the countries through
their percentage rates of renewable energy and global domestic product (expressed as purchasing
power parity, constant 2011 international $), to determine whether economic growth or infrastructural
changes can best predict the relevant outcomes for each case.
Furthermore, in this article, the possibilities of Post-Soviet countries fulfilling climate and energy
commitments for the period up to 2030 (or 2035), which were based on the Paris Agreement, were
analyzed. All targets of climate change policy are presented in Table 1. In this paper, we explored only
the achievements of documented targets. For example, in Moldova, the Russian Federation, Armenia,
Azerbaijan, Georgia, Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan, and Uzbekistan, the targets of
energy intensity and renewable energy consumption were not evaluated because these targets are only
currently being developed.
Table 1. The targets of climate change policies in Post-Soviet countries.
Country Carbon Emissions Targets Energy Intensity (EI)/EnergyConsumption Targets Renewable Energy (RE) Targets
Eastern Europe
Belarus Reduce CO2 emissions by 28%, comparedto the 1990 level until 2030 [69].
Reduce GDP EI to 37% until
2035, compared to the 2010
level [70].
Reaching 9% RE of final energy
consumption by 2035 [70].
Moldova Reduce CO2 emissions by 64–67% until2030, compared to 1990 [71]. No long-term targets. No long-term targets.
Ukraine Reduce CO2 emissions by 40%, comparedto the 1990 level until 2030 [72,73].
Reduce energy consumption
by 28% by 2030 [73].
Reaching 17% RE of final energy
consumption by 2030 [73].
Eurasia
Russia Reduce CO2 emissions for 30–35%,compared to the 1990 level by 2030 [74].
Reduce EI to 50% compared to
2010 level by 2035 [75].
Not presented in Russia’s Energy
Strategy in the Period until 2035 [75].
Transcaucasia
Armenia CO2 emissions 2.07 tons/per capitaannually, by 2030 [76]. No target. No target.
Azerbaijan Reduce CO2 emissions by 35% compared tothe 1990 level by 2030 [77]. Strategy in development [78]. Strategy in development [78].
Georgia Reduce CO2 emissions by 15% below BAUby 2030 [79]. Strategy in development [78]. Strategy in development [78].
Central Asia
Kazakhstan Reduce CO2 emissions by 15–25%compared to the 1990 level by 2030 [80].
Reduce GDP EI by 30% until
2030, compared to the 2008
level [81].
Reaching 30% RE of final energy
consumption by 2030 [81].
Kyrgyzstan Reduce CO2 emissions by 11.39–13.75%below BAU by 2030 [82]. Strategy in development [78]. Strategy in development [78].
Tajikistan Reduce CO2 emissions by 10–20%compared to the 1990 level by 2030 [83]. Strategy in development [78]. Strategy in development [78].
Turkmenistan Stabilization of emissions on the 2010 levelby 2030 [84]. Strategy in development [78]. Strategy in development [78].
Uzbekistan Reduce CO2 emissions per unit of GDP by10% by 2030, compared to level of 2010 [85]. Strategy in development [78]. Strategy in development [78].
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Table 1. Cont.
Country Carbon Emissions Targets Energy Intensity (EI)/EnergyConsumption Targets Renewable Energy (RE) Targets
European Union
Estonia Reduce greenhouse gas (GHG) emissionsby 13% of the 2005 level by 2030 [86].




Share of energy produced from RES
in gross final energy consumption:
42% [86].
Latvia Reduce GHG emissions by 6% of the 2005level by 2030 [87].
Optional target—primal
energy consumption
<4.3 Mtoe by 2030 [87].
Share of energy produced from RES
in gross final energy consumption:
45% [87].
Lithuania Reduce COemissions by 9% of the 2005level by 2030 [88].
Reducing energy intensity
1.5 times by 2030, compared to
2018 [88].
Increasing the share of renewable
energy to at least 45% [88].
To identify decreasing or increasing periods in trends that are not considered as a statistically
random behaviour, variables (CO2 emissions, energy intensity, and the share of renewable energy
consumption) were treated as time series. This method allows us to assume and justify changes in
trends, since measurements are linked to the moments of their occurrence. To build forecasts, we
allowed the software (SPSS v.21) to choose the best model type for each individual time series model,
resulting in predictions that can be qualitatively judged beyond their linear trend, based on their
confidence intervals and how robust the trend appears to be.
The period from 2002 until 2014 was used to forecast carbon emissions, primary energy
consumption, and the share of renewable energy. All three variables were forecasted until 2035.
The time period, starting from 2002, is characterized by the recovery of industrial sectors, economic
growth, and stable political situation in Post-Soviet countries after the Russian economic crisis.
The obtained forecasts made it possible to compare the results with target values and find out whether
the goals of climate change policy for the period until 2030 (or 2035) could be fulfilled.
The forecasted results for carbon dioxide emissions, the share of energy intensity, and the share
of renewable energy up to 2035 are presented in graphic form for an easy qualitative investigation.
All countries of the Post-Soviet space were divided into regions: countries that are members of the EU,
Eastern Europe, Transcaucasia, and Eurasia and Central Asia.
4. Results and Discussion
4.1. Energy Consumption and Greenhouse Gas Emissions in Post-Soviet Countries
Each country experiences the transition toward more sustainable practices, such as lowering the
energy consumption of the household or reducing greenhouse gas emissions individually. A country’s
overall impact is a result not only of the available infrastructure, but also of the legislation and its
effectiveness, as well as the dominant values, beliefs, and aspirations of the citizens of that country.
To capture the diversity of each individual case, we conducted regression analyses predicting energy
consumption and greenhouse gasses for each Post-Soviet country.
Results of models predicting energy consumption are presented in Table 2. To ease interpretation,
countries are presented in groups based on their regions.
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Table 2. Models predicting energy consumption (MTOE and KOE) through GDP and REC in the period
from 2002 to 2014.
Predictor Estimate SE t p Stand. Estimate
Baltics (members of the EU)
Estonia Adjusted R2 = 0.583, F(2,10) = 9.40, p = 0.005, dependent—MTOE
Intercept 1.8938 0.7856 2.41 0.037
Estonia REC 0.0585 0.0251 2.33 0.042 0.442
Estonia GDP 6.66 × 10−11 2.11 × 10−11 3.16 0.01 0.599
Latvia Adjusted R2 = 0.648, F(2,10) = 12.00, p = 0.002, dependent—MTOE
Intercept 4.3092 0.4638 9.29 <0.001
Latvia REC −0.0277 0.0119 −2.33 0.042 −0.404
Latvia GDP 2.8 × 10−11 6.1 × 10−12 4.6 <0.001 0.796
Lithuania Adjusted R2 = 0.805, F(2,10) = 25.80, p < 0.001, dependent—MTOE
Intercept 13.476 1.1274 11.953 <0.001
Lithuania REC −0.279 0.049 −5.703 <0.001 −0.8835
Lithuania GDP −6.98 × 10−12 2 × 10−11 −0.347 0.736 −0.0538
Eastern Europe
Belarus Adjusted R2 = 0.959, F(2,10) = 143.00, p < 0.001, dependent—KOE
Intercept 409.74 51.1 8.018 <0.001
Belarus REC 2.85 11.8 0.241 0.814 0.0346
Belarus GDP −1.59 × 10−9 2.2 × 10−10 −7.075 <0.001 −1.0145
Moldova Adjusted R2 = 0.949, F(2,10) = 113.00, p < 0.001, dependent—KOE
Intercept 436.553 17.85 24.453 <0.001
Moldova REC 0.695 1.17 0.595 0.565 0.064
Moldova GDP −1.42 × 10−8 1.5 × 10−9 −9.565 <0.001 −1.0286
Ukraine Adjusted R2 = 0.942, F(2,10) = 99.2, p < 0.001, dependent—KOE
Intercept 723.8 49.24 14.7 <0.001
Ukraine REC −47.6 6.7 −7.1 <0.001 −0.668
Ukraine GDP −6.81 × 10−10 1.6 × 10−10 −4.16 0.002 −0.391
Transcaucasia
Armenia Adjusted R2 = 0.946, F(2,10) = 105.00, p < 0.001, dependent—KOE
Intercept 251.95 11.447 22.01 <0.001
Armenia REC −5.02 0.955 −5.26 <0.001 −0.458
Armenia GDP −3.84 × 10−9 2.8 × 10−10 −13.79 <0.001 −1.202
Azerbaijan Adjusted R2 = 0.959, F(2,10) = 141.00, p < 0.001, dependent—KOE
Intercept 361.6 22.18 16.31 <0.001
Azerbaijan REC −17.5 6.64 −2.63 0.025 −0.156
Azerbaijan GDP −1.51 × 10−9 9.4 × 10−11 −16.08 <0.001 −0.951
Georgia Adjusted R2 = 0.663, F(2,10) = 12.80, p = 0.002, dependent—KOE
Intercept 92.05 44.797 2.055 0.067
Georgia REC 1.14 0.55 2.071 0.065 0.7875
Georgia GDP −1.63 × 10−10 9.3 × 10−10 −0.176 0.864 −0.0668
Eurasia and Central Asia
Kazakhstan Adjusted R2 = 0.291, F(2,10) = 3.46, p = 0.072, dependent—KOE
Intercept 304.6 44 6.92 <0.001
Kazakhstan REC −17.8 11.9 −1.49 0.168 −0.719
Kazakhstan GDP −2.02 × 10−10 8.5 × 10−11 −2.38 0.039 −1.149
Kyrgyzstan Adjusted R2 = −0.121, F(2,10) = 3.46, p = 0.712, dependent—KOE
Intercept 304.32 110.13 2.763 0.02
Kyrgyzstan REC −2.43 3.01 −0.808 0.438 −0.313
Kyrgyzstan GDP −2.01 × 10−9 3 × 10−9 −0.674 0.515 −0.261
Russian Federation Adjusted R2 = 0.923, F(2,10) = 72.70, p < 0.001, dependent—KOE
Intercept 445.8 47.2 9.45 <0.001
Russian Federation REC −16.9 12.9 −1.31 0.22 −0.105
Russian Federation GDP −5.33 × 10−11 4.4 × 10−12 −12 <0.001 −0.963
Tajikistan Adjusted R2 = 0.918, F(2,10) = 55.80, p < 0.001, dependent—KOE
Intercept 488.79 74.451 6.57 <0.001
Tajikistan REC −2.39 0.995 −2.41 0.037 −0.316
Tajikistan GDP −1.21 × 10−8 1.4 × 10−9 −8.85 <0.001 −1.161
Turkmenistan Adjusted R2 = 0.959, F(2,10) = 142.00, p < 0.001, dependent—KOE
Intercept 1164 96.4 12.07 <0.001
Turkmenistan REC −3312 878.1 −3.77 0.004 −0.475
Turkmenistan GDP −9.23 × 10−9 8.4 × 10−10 −10.95 <0.001 −1.379
Uzbekistan Adjusted R2 = 0.907, F(2,9) = 54.90, p < 0.001, dependent—KOE
Intercept 1115.7 63.2 17.647 <0.001
Uzbekistan REC −51.8 56.4 −0.918 0.383 −0.159
Uzbekistan GDP −3.96 × 10−9 8.3 × 10−10 −4.76 0.001 −0.823
Note. MTOE—Million tons of oil equivalent; KOE—Energy use (kg of oil equivalent) per $1000 GDP (constant
2011 PPP); REC—Renewable energy consumption (% of total final energy consumption); GDP—PPP (constant 2011
international $).
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Based on the models in Table 2, it seems that the Baltics (current members of the EU) are not
homogenous in what drives their energy consumption. Both the share of renewable energy (REC),
indicating the available green infrastructure for energy production, and GDP (an indicator of economic
growth) are significant predictors of energy consumption for Estonia and Latvia, but as REC increases
in Estonia, so does its energy consumption. The inverse is true of Latvia and Lithuania, where REC
relates negatively with energy consumption, indicating that having green energy infrastructure might
lead both to increased and to decreased overall energy consumption. Additionally, while GDP is
positively related to energy consumption in Estonia and Latvia, it is an insignificant predictor for
Lithuania, meaning that economic growth does not necessarily lead to increased energy use. This
suggests that there are factors beyond infrastructure and GDP that affect energy use and that individual
countries need to be investigated separately if we are to understand how to help them transition
toward more sustainable practices.
For Eastern-European countries, REC is only a significant predictor of energy consumption for
Ukraine, where the share of REC is inversely related to energy consumption, while GDP is a significant
predictor for all countries in this region, meaning that economic growth generally leads to reduced
energy consumption in the region.
For the region of Transcaucasia, increases in both GDP and REC mean reduced energy consumption,
yet the prediction is quite uncertain for Georgia, where no single predictor is statistically significant,
meaning that there might be other factors affecting the country’s energy consumption patterns.
The region of Eurasia and Central Asia is the least homogenous, with overall predictive models
being insignificant for Kazakhstan and Kyrgyzstan, meaning that their energy consumption trends
cannot be predicted by their GDP nor by their share of renewable energy usage. For the rest of the
countries in the region, both GDP and REC are negatively related to energy consumption, meaning that
both the increasing availability of green energy infrastructure and economic growth tend to reduce their
energy consumption, perhaps indicating a shift toward more energy-efficient and modern practices
when they become available and practically accessible. It must be noted that for Uzbekistan, only GDP
is a significant predictor of energy consumption, likely due to it having little to no infrastructure for
producing renewable energy during the investigated period.
Further, we constructed models to predict each individual country’s greenhouse gas emissions,
as represented by CO2 emissions (metric tons per capita). The models investigate whether the
availability of renewable energy infrastructure and economic growth are related to overall per capita
emissions (see Table 3).
For the Baltics, REC does not seem to contribute significantly when explaining greenhouse gas
(GHG) emissions, while economic growth seems to have a positive relationship with it, meaning
that in this region, economic growth leads to increased CO2 emissions per capita. It is possible that
despite the increasing availability of green energy, the demands for energy increase with increased
purchasing power and the changes in infrastructure are unable to sufficiently compensate for this
increase in demand.
A similar trend can be observed for Eastern Europe, yet in the case of Ukraine, REC is a significant
predictor of GHG, meaning that developing more infrastructure for renewable energy production
might effectively lead to reduced CO2 emissions per capita in this country.
For the region of Transcaucasia, we see a lot of heterogeneity among the countries. For example,
the GHG emissions of Azerbaijan cannot be predicted by their REC or GDP at all, meaning that there
might be factors other than these that affect the country’s energy consumption habits, yet it can also
indicate a lack of development and growth. As a matter of fact, Azerbaijan had a negligible percentage
of its energy produced from renewable sources, which undoubtedly affects the previously mentioned
outcome. For Armenia and Georgia, where renewable energy production has a larger share of the total
energy production infrastructure, economic growth seems to be associated with higher CO2 emissions,
while REC predicts a decrease in CO2 emissions only for Armenia, and the effect size is quite small.
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Table 3. Models predicting greenhouse gas (GHG) emissions through GDP and REC through GDP and
REC in the period from 2002 to 2014.
Predictor Estimate SE t p Stand. Estimate
Baltics (members of the EU)
Estonia Adjusted R2 = 0.523, F(2,10) = 7.57, p = 0.010, dependent—GHG
Intercept 2.339 2.7641 0.846 0.417
Estonia REC 0.161 0.0884 1.827 0.098 0.371
Estonia GDP 2.25 × 10−10 7.43 × 10−11 3.032 0.013 0.616
Latvia Adjusted R2 = 0.630, F(2,10) = 11.20, p = 0.003, dependent—GHG
Intercept 2.9942 0.5942 5.04 <0.001
Latvia REC −0.0269 0.0152 −1.77 0.108 −0.313
Latvia GDP 3.6 × 10−11 7.8 × 10−12 4.6 <0.001 0.816
Lithuania Adjusted R2 = 0.751, F(2,10) = 19.10, p < 0.001, dependent—GHG
Intercept 2.3342 0.3641 6.41 <0.001
Lithuania REC −0.0285 0.0158 −1.8 0.102 −0.315
Lithuania GDP 3.8 × 10−11 6.5 × 10−12 5.89 <0.001 1.031
Eastern Europe
Belarus Adjusted R2 = 0.849, F(2,10) = 34.70, p < 0.001, dependent—GHG
Intercept 3.82 0.981 3.895 0.003
Belarus REC 0.135 0.226 0.598 0.563 0.165
Belarus GDP 1.2 × 10−11 4.3 × 10−12 2.826 0.018 0.781
Moldova Adjusted R2 = 0.674, F(2,10) = 13.40, p = 0.001, dependent—GHG
Intercept 0.7383 0.12012 6.15 <0.001
Moldova REC −0.012 0.00785 −1.52 0.158 −0.414
Moldova GDP 4.2 × 10−11 1 × 10−11 4.21 0.002 1.145
Ukraine Adjusted R2 = 0.803, F(2,10) = 25.40, p < 0.001, dependent—GHG
Intercept 4.601 0.92 5 <0.001
Ukraine REC −0.873 0.125 −6.97 <0.001 −1.214
Ukraine GDP 1.1 × 10−11 3.1 × 10−12 3.62 0.005 0.631
Transcaucasia
Armenia Adjusted R2 = 0.961, F(2,10) = 149.00, p < 0.001, dependent—GHG
Intercept 0.8429 0.2472 3.41 0.007
Armenia REC −0.0654 0.0206 −3.17 0.01 −0.234
Armenia GDP 6.7 × 10−11 6 × 10−12 11.11 <0.001 0.819
Azerbaijan Adjusted R2 = 0.018, F(2,10) = 1.11, p = 0.366, dependent—GHG
Intercept 4.535 0.487 9.311 <0.001
Azerbaijan REC −0.195 0.146 −1.334 0.212 −0.385
Azerbaijan GDP −1.01 × 10−12 2.1 × 10−12 −0.49 0.635 −0.141
Georgia Adjusted R2 = 0.905, F(2,10) = 58.00, p < 0.001, dependent—GHG
Intercept 0.10352 0.8779 0.118 0.908
Georgia REC −0.0089 0.0108 −0.826 0.428 −0.167
Georgia GDP 7.3 × 10−11 1.8 × 10−11 3.992 0.003 0.807
Eurasia and Central Asia
Kazakhstan Adjusted R2 = 0.821, F(2,10) = 28.50, p < 0.001, dependent—GHG
Intercept 13.24 3.88 3.41 0.007
Kazakhstan REC −2.3 1.05 −2.18 0.054 −0.531
Kazakhstan GDP 1.3 × 10−11 7.5 × 10−12 1.74 0.112 0.424
Kyrgyzstan Adjusted R2 = 0.752, F(2,10) = 19.20, p < 0.001, dependent—GHG
Intercept 0.93 0.7406 1.26 0.238
Kyrgyzstan REC −0.0286 0.0202 −1.41 0.188 −0.257
Kyrgyzstan GDP 7.8 × 10−11 2 × 10−11 3.9 0.003 0.71
Russian Federation Adjusted R2 = 0.708, F(2,10) = 15.60, p < 0.001, dependent—GHG
Intercept 10.6 2.156 4.92 <0.001
Russian Federation REC −0.696 0.591 −1.18 0.267 −0.183
Russian Federation GDP 1.1 × 10−12 2E−13 5.44 <0.001 0.848
Tajikistan Adjusted R2 = 0.742, F(2,10) = 18.20, p < 0.001, dependent—GHG
Intercept 1.3681 0.26106 5.241 <0.001
Tajikistan REC −0.016 0.00349 −4.583 0.001 −0.973
Tajikistan GDP −2.87 × 10−12 4.8 × 10−12 −0.597 0.563 −0.127
Turkmenistan Adjusted R2 = 0.774, F(2,10) = 21.50, p < 0.001, dependent—GHG
Intercept 10.5 2.37 4.43 0.001
Turkmenistan REC −22.4 21.61 −1.04 0.324 −0.308
Turkmenistan GDP 4.3 × 10−11 2.1 × 10−11 2.08 0.064 0.617
Uzbekistan Adjusted R2 = 0.890, F(2,10) = 49.40, p < 0.001, dependent—GHG
Intercept 6.242 0.221 28.2 <0.001
Uzbekistan REC −0.264 0.214 −1.23 0.246 −0.248
Uzbekistan GDP −1.09 × 10−11 3 × 10−12 −3.62 0.005 −0.728
Note. GHG—CO2 emissions (metric tons per capita); REC—Renewable energy consumption (% of total final energy
consumption); GDP—PPP (constant 2011 international $).
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The region of Eurasia and Central Asia shows quite diverse results for what affects their GHG
emissions. Increases in GDP seem to lead to increased per capita CO2 emissions in Kazakhstan,
Kyrgyzstan, and the Russian federation, while economic growth seems to decrease CO2 emissions in
Uzbekistan, even though the country had little available infrastructure for green energy during the
investigated period (from 2002 to 2014). These trends are likely associated with factors like industries
entering or exiting the market and with individual behavior. The share of renewable energy consumed
by the country predicted lower GHG emissions only for Tajikistan, meaning that the situation in the
region is more complicated than just developing the necessary infrastructure. It is likely that renewable
energy infrastructure does not lead to the adoption of more modern and energy-efficient practices in
industries that are possibly the biggest polluters in the region.
4.2. Forecasts of Carbon Dioxide Emissions by 2035
All Post-Soviet countries are parties of the Paris Agreement and have presented their proposed
contributions to prevent climate change, defined at the national level (INDC), shown in Table 1.
The targets of carbon emissions are rather different among Post-Soviet countries. One part of them,
namely Moldova, Tajikistan, and Armenia, committed to reducing carbon emissions to 1.5–2 metric
tons per capita. Meanwhile, the commitments of Estonia, Kazakhstan, and the Russian Federation by
2030 are the highest—over 10 metric tons per capita. It must be noted that commitments of individual
countries need to be taken into their respective contexts, as some countries can reduce their emissions
more effectively than others, and transitioning to green energy might be difficult for some and easier for
others. We ran time series predictions, allowing the software to choose the most appropriate algorithm
for computing confidence intervals, thus allowing for a clearer evaluation of the forecasts. For the sake
of simplicity, we present our data visually and sorted by regions.
Figure 1 shows CO2 emissions roughly staying the same for Latvia and Lithuania, yet the
confidence intervals suggest that bot Latvia and Lithuania may be able to reach their goals by 2030,
while Estonia shows a steady increase in CO2 emissions if the current trend continues. Therefore,
if the Baltic States do not implement tools to stop the growth of carbon emissions and take action
to reduce them, their targets will not be achieved. Liobikienė and Butkus [3] also stated that for all
EU countries to achieve the 2030 targets more efforts to implement the Paris agreement targets are
required. Consequently, these countries should implement a more restrictive climate change policy
to reduce carbon emissions, and one way of achieving this is to introduce new incentives for green
energy production and to make it more competitive when compared to fossil fuels. Tax increases for
polluters with a clear association between the act of pollution and its price, as well as tax reductions for
sustainable industries, may help to promote green innovations and technologies, and even contribute
to the reduction of the negative environmental impact.
Forecasts of the carbon dioxide emissions by 2030 (Figure 2) of the Post-Soviet countries of Eastern
Europe (Belarus, Moldova, and Ukraine) showed that Moldova and Ukraine will be able to fulfill their
climate obligations because of their already low emissions. Moldova shows a slight growth of emissions
if the trend continues, yet the confidence intervals allow for both positive and negative change well
within their commitments. In Ukraine we observe a decline in emissions during the analyzed period,
which is likely due to the Financial Crisis of 2007–2008 as well as the military intervention in the
Eastern part of Ukraine and the annexation of the Crimean peninsula by the Russian Federation in
2014. It is believed that the rapid decline of carbon dioxide emissions is connected to the collapse
of the main Ukrainian industrial sector, which is temporarily not controlled by Ukraine. Therefore,
if this trend continues, Ukraine will have successfully added to climate change mitigation, even if
this is a consequence of its geopolitical struggles. The prediction trend for Belarus is quite uncertain,
and it is possible that Belarus will not be able to accomplish its goal for CO2 emission reduction.
If Belarus continues to rely on fossil fuels and does not take action to incentivize sustainable industry,
its emissions will likely only increase due to normal economic growth.
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Forecasts of carbon dioxide emissions up to 2035 for the Post-Soviet countries of Transcaucasia
(Armenia, Azerbaijan, Georgia) suggest that only Azerbaijan will be able to meet the CO2 emission
goals, while a steady increase in emissions is predicted for Armenia and Georgia (Figure 3). It is only
natural that economic growth in the region and increased industrial activity, coupled with fossil fuels
being the cheapest energy option, lead to these trends. However, economic and industrial development
might also help mitigate their emissions if relevant actions are taken by these countries to incentivize
sustainable growth and green energy. While relying on fossil fuels might be cheaper in the short-term,
incentivizing green energy and innovative industry that takes sustainability into account would likely
benefit these countries in the long run, making them more competitive in international markets when
consumers start to choose goods and services that are produced in a sustainable way. This period of
potential growth is in itself a challenge, and the infrastructural solutions chosen by these countries
will have a lasting impact. Thus, it would be reasonable to apply solutions that work in the future,
taking into account worldwide trends of sustainable development and the increasing importance of
sustainable energy and industry.S stainability 2020, 12, x FOR PEER REVIEW 12 of 25 
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i t and Kazakhstan (Figure 4). However, we must note at the prediction for Kazakhstan
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will depe d on whet r they successfully transiti n fr m fossil fuels to green alternatives fo energy
i . Other countries, such as the Russian F deration, Turkmenist , and Kyrgyz tan show
ite relia le tre ds of emission growth, which are possibly due both to their economic and industrial
develop ent and to a lack of policy regulating emissions or incentivizing green energy options.
It is likely that the aforementioned countries will not be able to achieve their emission goals by the
agreed time.
One possible way of tackling the issue of increasing emissions while maintaining economic
growth is to allow better conditions for foreign investment, focusing on companies that aim to develop
sustainable industries in Eurasian and Central Asian countries. This would introduce a layer of
Sustainability 2020, 12, 4558 12 of 24
economic competition with which local companies would be forced to deal with. They would be
incentivized to shift their practices to more sustainable ones, thus resulting in both increased growth
and sustainable development.
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In summary, the forecasts of carbon dioxide emissions by 2035 (based on the 2002–2014 period) in
Post-Soviet countries suggest that it will be difficult to achieve the planned emission targets in most of
the countries. Only four investigated countries are likely to fulfill their climate change obligations
(Table 1): Azerbaijan, Moldova, Tajikistan, and Ukraine. The growth of CO2 emissions is observed
in almost all of the investigated countries, meaning that stronger action to mitigate this should be
taken. While taxation should not be a go-to solution for any complex problem, rationally relating
costs to actual pollution in order to make clear the link between emissions and lost capital would
incentivize industries to pursue alternative solutions that are more sustainable. This could be coupled
with incentives for businesses that operate in a sustainable manner and are participating in circular
economies. Ultimately, positive change would require both a tax reform and the introduction of various
safeguards and incentives, as well as widespread information and education on sustainability.
4.3. Forecasts of Energy Intensity by 2035
Strategic goals for reducing energy intensity by 2030 have been set only by the Post-Soviet
countries members of the EU (Estonia, Latvia, Lithuania), Ukraine and Kazakhstan. Belarus and Russia
have set their tar ets up to 2035 (Table 1). Analyzing energy intensity (energy co sumption) targets
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in the Baltic States, we can see that only Lithuania will be able to fulfill its target of reducing energy
intensity (Figure 5). In Lithuania, the highest reduction of energy intensity was observed during the
analyzed period. It depends on a successful building renovation, which will minimize the loss of
energy production and promote the modernization of the energy sector. Thus, Lithuania will be able to
achieve its goal in 2025, and is expected to surpass it by 24.4% in 2030, if the current trend continues.
However, we must note the wide confidence intervals of the forecast, indicating that the trend is not
very robust and the outcome can be varied. Considering the remaining Baltic States, by 2030, Estonia
is expected to exceed the planned level of energy intensity 1.2 times, and Latvia 1.1, which indicates
that the targets of these countries will not be achieved. Therefore, in these countries, policymakers
should promote energy efficiency and decouple energy consumption from economic development.
Additionally, introducing effective incentives for sustainable development would likely aid in reducing
energy consumption.
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t i i t i t li i i t it f t i ti t t
t i f l , l , i ( i re ). t f i i t t i t
t for the region, yet all trends point downward and suggest that these countri s will be successful
in reducing their energy consumption. Thus, Ukraine and Bela us, both of which are committed to th
Paris agreement, will re ch their planned targets. In the latter country, due to the s ccessful energy
policy impl mentati n, energy int sity decreased sharply. According to these forecasts, Ukraine will
be able to overachieve its target by about 76% by 2030. Achieving the planned target for Belarus is
possible by 2025, and in 2035 it is expecte to surpass it by about 44%. These forec sts, however, ar
only valid if ev rything else remains constant and the d velopmental trajectory continues. It would be
unwise to interpr t these predictions outside the geopolitical context and the global economy. Thus,
a continued effort and relevant policy needs to be put in place to make sure these countries continue
on the path to energy intensity reduction.
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(Figure 7). At this stage, strong and future-oriented policy decisions might help in stabilizing the 
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economic and industrial growth. Many innovations that reduce energy intensity lead to reduced costs 
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forecasts of en rgy intensity for the region of Transcauc sia re mostly uncertain for Azerbaijan
and Georgia, prev nting any firm predictions of their energy intensity in the upcoming years, while
the forecast for Armenia points toward a robust trend of declining ergy intensity (Figure 7). At this
sta e, strong and future-oriented policy decisions might help in stabilizing t e course Azerbaijan and
Geo gia ar heading toward, but this should not be done at the expense of conomic and industrial
gr wth. Many innovations that reduce e ergy intensity lead to reduced costs for busin sses, which
might be an incentive for adopting green practices in the region. However, e vironmental education
a d a gen ral societal interest in th issue would be needed to direct businesses towar sustainable
practice and citizens toward lifestyles with lower energy intensity (e.g., using effectiv heating and
conditio ing solutions for their homes).
For the regions of Eurasia and Central Asia, most countries show a decline in their energy intensity,
except Kazakhstan and Kyrgyzstan, where the trends show continued stability in their energy intensity
(Figure 8). However, the trend for the Russian Federation does not seem to be very robust, making
it hard to predict its energy intensity in the coming years. Nonetheless, even if the linear trends do
continue in this direction, in Kazakhstan the energy intensity by 2030 will exceed its maximum planned
level 1.1 times, which means that the target will not be achieved. The results of the energy intensity
forecast up to 2035 for the Russian Federation show that by 2035 the allowable energy intensity level
will likely be exceeded 1.7 times, which indicates the impossibility of the country fulfilling its target
as well. Overall, while energy intensity is mostly decreasing in the region, the decrease needs to
be even sharper for the countries to reach the sustainable energy intensity levels. One of the ways
the countries of these regions could reduce their energy intensity is by preventing energy loss (e.g.,
renovating apartment buildings to make them more energy-efficient and improving their energy and
heat transfer infrastructure).
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4.4. Forecasts of the Share of Renewable Energy by 2035
Figure 9 indicates that, out of the three Baltic states, only Latvia will be able to reach 45% by
2030, and will reach its goal if the trend continues as forecasted. Considering that the share of
renewable energy in Latvia in 2014 was one of the highest (40%), enhancing renewable energy by
5% during the coming decade does not look like an ambitious plan. However, in Latvia, where the
bioeconomy strategy was approved in 2018, a further increase in the share of renewable energy is
expected. In Estonia and Lithuania the trends indicate a growth of the share of renewable energy, yet
this will be not be sufficient for them to reach their target goals by 2030. Based on our estimation,
the level of renewable energy consumption in Estonia by 2030 will be equal to 37%, which is 5% less
than its set target, and Lithuania will be able to increase its renewable energy consumption by 40%,
which is 5% less than its target. The growth of the share of renewable energy consumption in these
countries during the analyzed period was rather slow. Thus, these countries should consider economic
incentives and decreasing “red tape” for green energy producers to make the business of renewable
energy production more competitive and more attractive to entrepreneurs.
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F r the region of Eastern Europe, the predictions of the share of renewable energy ar not optimistic
(Figure 10). B larus and Moldova show quite unreliable trends, while Ukraine s ows a stab e trend of
very slow increase which is insufficient for the country to achieve its goals of increasing the share of
renewable energy by 2030. This region has quite low initial infrastructure for renewable energy and is
highly reliant on fossil fuels, making it hard to transition to renewable energy production, as it would
require a massive investment by both the governments and private businesses. Allowing for healthy
competition in the market of energy production and incentivizing businesses that produce energy
from re ewable sources would aid in the growth of this energy production sector, but it would require
substantial changes in policy and taxes to attract investors to engage in renewable energy production.
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As with Eastern Europe, Armenia and Azerbaijan show low initial percentages of renewable
energy production, and the forecast indicates no change for these countries, while Georgia, having a
larger initial share of renewable energy production, shows a declining trend (Figure 11). Generally,
we see similar opportunities for these countries to increase their share of renewable energy by making
renewable energy production more profitable through policy and economic incentives.
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Forecasts for the regions of Eurasia and Central Asia show either no change or a decrease in
the share of renewable energy production (Figure 12). Many countries in the region have low initial
shares of renewable energy production and are reliant on the old infrastructure of fossil fuel energy to
continue their economic growth and to stay competitive in the international market. This suggests that
the transition toward renewable energy in this region would be extremely costly and would require
massive changes in infrastructure. While transitioning toward renewable energy does seem like a
difficult task, a lot of it can be addressed in a timely manner and with adequate planning. Rather
than maintaining the old infrastructure and suffering its maintenance costs, long-term investments
should be made to create new infrastructure that would allow for the replacement, over time, of the
old one and would ultimately be more cost-effective. Additionally, many small transitions toward
renewable energy can be made on a more local scale, but that would require both the policy basis for
incentivizing green energy production and the willingness of society to exchange higher initial energy
costs for environmental protection.
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For now, only Post-Soviet countries that are members of the EU, Kazakhstan, and Ukraine have
presented targets that are directed at increasing the share of renewable energy consumption by 2030.
Belarus set its target up to 2035 (Table 1). The target of Moldova is still valid until 2020, and the
development of the next strategy will begin in 2021. However, the Russian Federation does not plan
to increase the share of renewable energy consumption, since no specific goal was presented in its
updated Energy Strategy until 2035. Strategies to increase the share of renewable energy consumption
in residual Post-Soviet countries are still under development. Considering the countries which have
made the commitments, the targets of the share of renewable energy consumption are rather different.
The members of the EU seek to achieve half of the renewable energy in final energy consumption by
2030. In Kazakhstan the target is to achieve one-third of the renewable energy consumption. Meanwhile,
in Ukraine and Belarus, the renewable energy consumption targets are the least ambitious—only 17%
and 8%, respectively. The increase of renewable energy consumption is a very important component of
sustainable development, which can reduce the dependence on fossil fuels, thus allowing for more
independence and stronger international bargaining and political positions because of their increased
energy independence.
Based on the forecasts for the share of renewable energy use for Ukraine and Kazakhstan (Figures 10
and 12), it can be noted that the goals of these two countries are too “optimistic” (Table 1). By 2030,
Ukraine will be able to increase the share of energy obtained from renewable sources only up to about
7%, which is 9% less than the target set by the country. Overall, our results indicate the ineffective
energy policies of many Post-Soviet countries.
5. Conclusions
Post-Soviet countries are a very specific country group, which for a long time was a single-party
state. After the collapse of Soviet Union, countries chose different paths. Analyzing the tendencies of
climate change policy, the results showed the huge differences in carbon emissions, energy intensity,
and the share of renewable energy consumption among these countries. Considering carbon emissions,
in almost all Post-Soviet countries (except Ukraine and Uzbekistan) a growth of emissions was observed
during the analyzed period (2002–2014), particularly in Georgia and Tajikistan. The reduction of energy
intensity in all Post-Soviet countries was observed as well, particularly in those where the level of
energy intensity was lower. The share of renewable energy increased mostly in the countries of the EU
and those that declared the willingness to join the EU. In residual Post-Soviet countries, the growth in
the share of renewable energy was negligible or even negative.
The predictions on carbon emissions and energy consumption intensity through the level of
economic development and the available green energy infrastructure were statistically significant
for most countries, yet the predictors do not function universally well, and the direction of the effect
changes in individual cases, suggesting that each country should be addressed individually and that
governments should investigate how to best promote renewable energy and reduce carbon emissions
on the local level, avoiding oversimplifications and broad generalizations. Changes in infrastructure
and everyday life depend on a multitude of factors, many of which go beyond economic growth or
infrastructure. Thus, it seems that societal change also needs to happen in order to make climate goals
an achievable reality in Post-Soviet countries.
Post-Soviet countries adopted climate change policy strategies until 2030 (2035) relatively recently.
The analysis of the possibility of achieving these policy targets showed that, in light of the past
tendencies of the investigated countries, only a few would be able to fulfill their carbon emissions
obligations by 2030 (2035) if the trends remain stable. Energy intensity targets will likely be achieved by
Lithuania, Ukraine, and Belarus, but not by Latvia, Estonia, Kazakhstan, and the Russian Federation.
The targets of the share of renewable energy will likely be achieved only in Latvia, where the target
level is not very ambitious, but not in Estonia, Lithuania, Kazakhstan, Ukraine, or Belarus. Therefore,
all Post-Soviet countries should increase their efforts to stop the growth of carbon emissions through
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restrictive climate change policy, tax reforms, incentivizing renewable energy production, reducing
“red tape” for green businesses, and promoting energy efficiency and renewable energy consumption.
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